Advanced
Nuclear Directory

Developers, Suppliers and National Laboratories

'GAIN

Gt yfAIted







TABLE OF CONTENTS

INTRODUCGTION ... e e e e e e e e e e e e e e e e e e e e e e e e e aaaaaaeas i
ACKNOWLEDGEMENT ..ottt eaeeeaseaeseesaeeasaeesssnanssnnnsnsnnnnnnes i
ABOUT GAIN ... e e e e e e e e e et e e e e e e e e e e e et e e eeeeeeeeesnnnnnnns ii
FAST REACTORS INFO SHEET ... iii
HIGH TEMPERATURE REACTORS INFO SHEET ..o, Vv
MOLTEN SALT REACTORS INFO SHEET ...........oouiiiiiiiiiiiiiieeieneeees vii
DEVELOPERS
AlphaTech RESEAICN COIP. ..oiiiiiiiiiiiiiiie ettt e e e e e e e e e et e e e e e e e e saab s s e e eeeeeeeannsreneeeas 2
ARC ClEAN ENEIGY ...ttt ettt ettt e e e e ettt e e e e e e e et e e e e e e e e sa b st e e eeaeeessasnbaseeeeaeeeeanssrnneeeas 3
Ty To T g T = a1 (o YA O o] 4 o PO PPRPPRRIt 4
BWX TeChNOIOGIES, INC. ..eeeiiiiiiiii s 5
Columbia Basin CONSUILING GrOUD........cuuuieeiiee ettt e e e sttt e e e e e et e e e e e e e s e e e e e e e e e seaabeneeeaeeeaannnes 6
EIYSTUM INAUSTIIES ... s 7
L [T Y=Y o |20 [ o o RO PPRRPP 8
L= 0 =1 (o] 1 0= SO UUERRR 9
(€] 11 (o o | OSSPSR 10
General Atomics ElectromagnetiCc SYSIEMS .......cooiiiiiiiiiiiie e 11
GENETAI FUSION ...ttt et e e et e e e e st e e e e e st e e e ensbe e e e e nsteeeeensbeeeeesseeeeenbeeeeennreas 12
[ (o] [ 1] 1= o 1 1 X RSO SRSTPR 13
Hybrid Power TEChNOIOGIES LLC ......oooiiiiiieeie ettt e e et e e e eeennneeeeas 14
KAIFOS POWET LLC ...ttt ettt e e ettt e e e hs et e e e st e e e ss e e e s nsseeesnseeeesnnneeesnnnneeean 15
Magneto-Inertial Fusion Technologies, INC. (MIFTI).....c..oiiiiiiiiieiee e 16
[ Tedg o) U T3 [= =T I RS SRRTPR 17
1Y/ [T o T [ o T 18
[N 1137221V YA [ o3 19
N U 7Y o T I R 20
NUSCAIE POWET ...ttt e e e e e ettt e e e e e ettt e e e e e ee s nteneeeeaeeeeannnneneeeaeeeaaannnes 21
= To = o | SRR 22
LT =1 0 1YL A N 23
Terrestrial ENErgy USA, INC. ...ttt e et e e et e e 24
ThorCon INTErNAtIONAN ........ooiii et e e e e e e et e e e e e e e e e eeeeeeeeeanneneeeeas 25
Ultra Safe NUclear COrPOratioN........ ..o e ittt e e e e s neneee s 26
Westinghouse Electric Company LLC ... 27

D =T 1T (o Y I SRS 28



TABLE OF CONTENTS

SUPPLIERS
F = O 1 PRSP R O SR 32
Analysis and Measurement Services Corporation (AMS) ........cocuiiiiiiiiie e 33
Bechtel Nuclear, Security & ENVIrONMENTal..........c..coiiiiiiiiiiiiie e 34
BUMNS & IMCDONNEIL ...ttt e ettt e e a et e e e sttt e e e st eesnseeeesenseeeesnseeeesnnneeeenn 35
BWX TeChNOIOGIES, INC. .. .ttt e ettt e e e e e e et e e e e e e e e e nnbeeeeeaeeeaaannnes 36
Centrus TeChNICAl SOIUTIONS .......ciiiiiiii ettt e e e et e e e e st e e e e sbee e e enbeeeeenneeas 37
CeramiC TUDUIAr PrOQUCTS .........eiiiiiieii et 38
Competitive Access SYsStemS (CAS), INC...oviiiiiiiiiiiii e 39
L7070 0T L= S 5 R 40
Concurrent Technologies COrporation............c...eie it 41
(O TS 4 To | S O PRSPPI 42
(O3 or=1 o5 o7=1 (o] 5T [ VoSN 43
DuBose National ENErgy SEIVICES ........ueiiiiiiiiiiiiiiie ettt e e enaee s 44
=T [ o= To F= 1o N [T PRI 45
EINERCON ..ttt ettt e et e ettt e e m e e e s ee e s ee e e te e e ameeeamseeeameeeemseeeamseeenneeanneeanneeeanneeans 46
Engineering Mechanics Corporation of Columbus (EMC?) .........c.coeurvcueuerceeeeeeeeeseeeeeeeeeses e eenenen. 47
Engineering Planning and Management (EPM) ..o 48
EXCEL Services COMPOIatiON .........ueiiiiiiiei ittt et s et e e s st e e s ene e e e s nneeeeaeneneeean 49
Y I=Ted T aTo] (oo 1= RS SSTPI 50
F&J Specialty ProdUCES, INC. ......ooiiiiiiiiiiie ettt e s e e e nnaeee s 51
FaUSKE & ASSOCIAtES, LLC ... ..o et e e e et e e e e e e e e et e e e e e e eeeaaanaeeeaees 52
LIS L= 0o oo ] RSP RRRR 53
FiSONIC ENErgy SOIULIONS .......eiiiiiiiii ettt e et e s e e s e e e neneee s 54
1T SRRSO RRRRO 55
L =TT (o] 1= TSSO RRRR 56
(€] = 07T g U1 7= 1] £ 1 [T 57
GSE Performance SOIULIONS, INC. .......iiieeeeee et e e e e e e e e e e e e e e e e e e e eeeaees 58
[ 1T T [ oS OSSP OU PP PPRRTR 59
High Bridge Energy DevelOpmMENt ........ ... e i 60
High Temperature System Designs, LLC ...t a e e e 61
Information Systems Laboratory, INC..........cocuiiiiiii it 62
JOSEPN Oat COrPOratioN.........cciiiiiiiie et e e e e e e e e e e e et e e e e e e e e eeanreeeeeas 63
[T a1 e)4To o [N @7 o] g oTo] -1 lo] o NSRRI 64

[ g T o OO PP PP 65



TABLE OF CONTENTS

SUPPLIERS (Cont.)

MAIDANA RESEARGCH ..ottt ettt e et e e e e et e e e e et e e e e et e e e e eabae e e s anbaeeeeenreas 66
11 =Y o a3 =Y G ISP 67
Nutherm INterNatioNal, INC. .......oveeie et e e e e e e e e et e e e e e e e eeaba e e eeeseneenes 68
NUVISION ENGINEEIING, INC ..eiiiiiiiiie ettt et e e et e e e neeas 69
Power System Sentinel Technologies, LLC .........ooi i 70
Precision Custom Components, LLC ...ttt e e e e e e e e e e e e e snnreaeeeas 71
Premier TECNNOIOQY ...ccooeieieeee 72
Southern Nuclear Development, LLC ... it e e e e e s eas 73
Structural Integrity ASSOCIAIES, INC. ...veiiiii e e e e e e as 74
STUASVIK SCANUPOWET ...ttt e e e e e e e e s e e e e e e s e ab st e e eeeeeeesaabsaeeeeeeeeeannnrsnneeas 75
TAUIUS TEIESY'S INC. .ttt ettt e bt e e sttt e e e st e e s st bt e e s sttt e e sntaeeesnnnneeean 76
Thorium ENErgy AllIBNCE ......uuueieiiiiii s 77
Ultra EIeCtroniCs LIMILEd ........ooiiiiieiieiee et e e e e s 78
Zachary Nuclear ENgGINEEriNg, INC. .......uuuuuiiiiii s 79

NATIONAL LABORATORIES

Argonne National LabOratory ........oueeeo et 82
Brookhaven National Laboratory...... ... et 83
[daho NatioNal LabOoratory ...........oieeei ettt ettt e e e e e es 84
Lawrence Berkeley National Laboratory .............oooiiiiiiiiii e 85
Lawrence Livermore National Laboratory ............coo i 86
Los Alamos National Laboratory ...........ooieeiii e 87
Oak Ridge National Laboratory .............eoo i 88
Pacific Northwest National Laboratory ... 89
Sandia National Laboratori€s ..........coiueii i e 90
Savannah River National Laboratory ............ooo i 91
RESOURCES
Nuclear SCIENCE USEI FACILY .......vveeiiiiiiiieeee et a e 94
U.S. Department of Energy Loan Programs OffiCe.........ccouiiiiiiiiiiiiiiee et 95

e ] )Y/ 01 PSP SEPRRP 96



-
o
-
O
-
6
4
-
z

INTRODUCTION

The Advanced Nuclear Directory offers a sample of companies engaged
in the development of advanced nuclear technologies and should not be
considered a comprehensive list of this industry. All companies featured
have participated on a voluntary basis and are responsible for the
information provided. Inclusion of a company does not indicate
endorsement by any of the directory’s sponsors.

ACKNOWLEDGMENT

The Advanced Nuclear Directory was created in partnership between
GAIN, Third Way, and the United States Nuclear Infrastructure Council
(USNIC).

*GAIN reserves the right to edit content for publishing purposes.



GATEWAY FOR ACCELERATED
INNOVATION IN NUCLEAR

Gateway for Accelerated
Innovation in Nuclear

The mission of the GAIN initiative is to provide the nuclear energy
industry with access to the technical, regulatory, and financial support
necessary to move advanced nuclear technologies toward

NOILONAO™LNI

commercialization, while ensuring the continued reliable and economic
operation of the existing nuclear reactor fleet. GAIN offers a single point
of access to the broad range of capabilities across the Department of
Energy (DOE) national laboratory complex. DOE has invested billions of
dollars to build and maintain its nuclear research expertise and
infrastructure. This vast capability is being leveraged via GAIN to support
commercialization of new advanced nuclear technologies.

Location: Idaho Falls, ID gain_inl_gov
Founded: 2015

Director: Christine King

Federal Engagement: DOE-NE, NRC, NSUF, NEUP, LWRS, NEAMS, ART

Preferred Point of Contact: Christine King / christine.king@inl.gov / 650-283-4235
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FAST REACTORS INFO SHEET

DOE-NE has established the Gateway for Accelerated Innovation in Nuclear (GAIN) to
provide the nuclear community with access to the technical regulatory and financial support
necessary to move innovative nuclear energy technologies toward commercialization while
ensuring the continued safe reliable, and economic operation of the existing nuclear fleet.

Developing safe, reliable sources of carbon-free energy will be the next decade’s greatest
challenge for US power producers. Several US-based companies are developing Fast
Reactors (FRs), a type of advanced nuclear reactor to help meet that energy challenge.

Without a moderator nuclear reactions occur at high energies, producing more efficient fission
reactions. Developers of this reactor type offer increased safety, reduced proliferation risk,
improved management of nuclear waste, and industrial applications, all at a lower cost than
traditional reactors. In some designs the reactor can recycle waste from other reactors, or
produce additional fuel.

Four types of FRs are being developed by US companies: the Sodium Cooled Fast Reactor
(SFR), Lead-Cooled Fast Reactor (LFR), Gas-Cooled Fast Reactor (GFR), and Molten Salt
Fast Reactors (MSFR).

F t R t Designs are intended for factory assembly and fixed modular
a s ea c O rs ------------ @ construction, assuring on-budget projects while reducing overall

costs,

'
'
)
COSTEFFICIENCY = TS S . @ Some FRs have a long-lived core, making the need for refueling
................... @ infrequent; in some concepts, a reactor can operate for 30-60 years

os 0 v
H . 1 1
. ' " : : before it needs refueling.
As utilities evolve to meet the challenges of a v " N H
. . ' '
deemm!'lg grid, ad“”"(‘?d nuclear rgactor ! ' H ‘e---- @ when compared with current reactor designs, passive safety
technologies seek to provide economically ' | R bbb @ features cut operational and maintenance costs,
viable solutions through simplified designs and : [ f H
. '
reduced operational costs. : . : : Reactors can achieve higher temperatures than fossil fuels,
' ' . : pmmm———— ® producing a high-quality steam cycle to meet commercial,
: : : : : industrial, and residential needs.
' [ ' H '
' " '
INTEGRATION & RELIABILITY :"" T :' - ‘:‘ cEEmEmmmT t. Reactors are designed for a modern grid, capable of load following
' : : o * and integrating with variable renewable energy sources.
'
Flagging load growth and the rise of distributed generation v : :
sources are driving advanced nuclear developers to : : e e e e e mm e ® FRs have demonstrated the ability to consume existing spent
provide flexible, always on power to end users. : ' pmmmmmmemee ® nuclear fuel from current generation reactors; most designs allow
] : ] for the recycling of used fuel, limiting or reducing waste.
] L}
' ' i
""" |I' mmmm-- : mEmsmssmssses ® Operation in the fast spectrum allows for more efficient fuel use
SAFETY&WASTE = EEEECEEEEE L L PP & than current generation reactors, reducing waste and fuel costs.
'
]
The possibility of Fukushima-like events is eliminated by 7 . .
the inherent physics of the reactor through a failsafe ~~ S=e=e==ssseese-a- ® FRs have demonstrated inherent safety under severe accident
design; fuel waste concerns are substantially reduced. conditions.
ot S o primarySySam o) ndustalbest 7 Lowd
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https://gain.inl.gov/SiteAssets/Fast Reactors/2021.May.21_FR_InfoSheet.pdf

Inherently Safe by Design

By operating in the fast spectrum with a liquid metal coolant, FRs are able to provide both
high power density and passively safe operation. FRs rely on "fast neutrons" to cause fission,
and can be designed without a moderator (e.g., water) in the reactor core. A liquid metal
coolant allows for efficient heat transfer at low pressure, promoting natural circulation and
passive decay heat removal. In the event of a rise in temperature, the physics of the reactor
provides reactivity feedback that inherently reduces the reactor's power. This inherent safety
behavior prevents severe accidents, as demonstrated by Experimental Breeder Reactor-l|
(Image 1). FRs using gas and salts can achieve similar inherent safety performance by
passively removing heat, and incorporating self-stabilizing reactivity feedbacks.

Fuel Cycle Features

The unique properties of FRs enable efficient fuel
utilization and waste minimization. FRs can
operate with a favorable neutron balance; fission
reactions in FRs are capable of creating more
neutrons than consumed. By converting these
excess neutrons into usable fuel materials, some
FRs are designed to produce more fuel. FRs are
also flexible to accept a wide range of fuel
materials, with many designs capable of recycling
existing nuclear waste in a closed fuel cycle. The
efficient fuel utilization of FRs can also enable
some designs to operate for decades without Experimental Breeder Reactor-1l (EBR Il) at the
refueling. FRs offer fuel cycle flexibility, providing National Reactor Testing Station in Idaho

a robust fuel supply and improved nuclear waste management.
Load Following and Integration

By deploying FRs in an energy mix, power producers are able to provide reliable electricity to
customers while integrating with other generation technologies, such as variable renewable
energy resources. Flexible load following capabilities allow a reactor to adjust to demand and
intermittent supply. In times when less power is needed, fast reactors have a ramp-down rate
of less than 15 minutes. When the demand for energy increases, it can be ramped up to full
power within minutes.

NUCLEAR ENERGY STRATEGIC GOALS

Lead Enable Optimize

Global Global Domestic
Technology Industrial Energy
Commercialization Leadership Portfolio

Additional Fast Reactor Resources:
0 bit.ly/IAEA-FastReactor-Reference
bit.ly/GAIN-FastReactor

bit.ly/ANL-EBR2-History
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HIGH TEMPERATURE REACTORS INFO SHEET

DOE-NE has established the Gateway for Accelerated Innovation in Nuclear (GAIN) to
provide the nuclear community with access to the technical, regulatory, and financial support
necessary to move innovative nuclear energy technologies toward commercialization while
ensuring the continued safe, reliable, and economic operation of the existing nuclear fleet.

Developing safe, reliable sources of carbon-free energy will be the next decade’s greatest
challenge for US power producers. Several US-based companies are developing High
Temperature Reactors (HTRs), a type of advanced nuclear reactor, to help meet that energy
challenge.

HTRs are a type of graphite-moderated thermal reactor employing TRISO fuels (see below),
differentiating them from other advanced reactor concepts. HTRs use either inert gas or
molten salt as a heat transfer medium. Developers of this reactor type offer increased safety,
remote power, and industrial applications.
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HTRs typically use low enriched uranium fuel to produce higher reactor outlet temperatures
than other reactors. For this reason, developers of HTRs offer it as a viable replacement to
industrial fossil fuel processes.

H i h Tem erature Reacto rs Designs are intended for factory assembly and fixed modular
g p ------------ & construction, assuring on-budget projects while reducing overall
: costs.
]
COSTEFFICIENCY = |[EEEEEr s cemdacccaaagaa- @ Many designs support online refueling, avoiding disruption in
,,,,,,,,,,,,,,,,,, @& customers' energy demands.

As utilities evolve to meet the challenges of a
modernizing grid, advanced nuclear reactor

===

==---- @ When compared with current reactor designs, passive safety
--------------- @ features cut operational and maintenance costs.

technologies seek to provide economically
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viable solutions through simplified designs and ' ' ,' :
' '
reduced operational costs. ! ' : ) Reactors can achieve higher temperatures than fossil fuels,
' . . - .
' ‘ . H smmm———— & producing a high-quality steam cycle to meet commercial,
' . ' " | industrial, and residential needs.
L}
' ' ' H '
' ' A 1l
INTEGRATION & RELIABILITY :'— - cepe- -:- cmmm— T ® Reactors are designed for a modern grid, capable of load following
] : : and integrating with variable renewable energy sources.
]
Flagging load growth and the rise of distributed generation ' : :
- [} f
sources are driving advanced nuclear developers to ! 1 [ —— & HTR designs either utilize non-reactive helium gas or molten salts
provide flexible, always on power to end users. ' I @ a5 a heat transfer medium, providing an added measure of safety.
]
: i
. :
'

"""""""""""""" @ More efficient fuel usage than current generation reactors reduces
SAFETY&WASTE = [EEEELEEEEE fmm i mm e e e & waste and fuel costs for operators.

The possibility of Fukushima-like events is eliminated by Ceramic TRISO fuel, coupled with a large graphite and salt heat

the inherent physics of the reactor through a failsafe === 0 S===s===eccec---- @ capacity, allows for a slow fuel temperature response in the event
design; fuel waste concerns are substantially reduced. of cooling loss.
Thermal Electrical Total Primary System . . S
=" Industrial Heat = Load
l Output Output plant Water k1 8 .
¢ (per unit) (per unit) ' Footprint Requirements ='e’ &Steam fimm Following
Micro
gg eoms <30 MWE <10 MWe Fast Food None @ ©
Restaurant
Parkin
small 30-1000 10 - < 300 MWe 9 None ® O]
Systems Garage
MWt
Large Industrial None
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Quality Process Heat for Industrial Applications

All HTR systems have the ability to reach higher and more precise temperatures than those
that use fossil fuels. HTRs' ability to consistently produce clean, quality heat is especially
important in industrial chemical processes, where a plant must maintain a set range of
temperatures for successful production. HTRs, therefore, can reduce the margin of error for
operators, resulting in greater cost efficiencies.

Inherent Safety that Starts at the Fuel Source

HTRs are built around safety, beginning with advances in nuclear fuel technology. All HTRs
use “tri-structural isotropic” fuels, commonly referred to as TRISO fuels (Image 1). TRISO fuel
comes in different shapes and sizes; no matter the form, this advanced fuel source contains
a small amount of low-enriched uranium fuel within three layers of protective graphite and
silicon carbide. These TRISO particles are incorporated into a graphite matrix within spheres
("pebbles") the size of a golf ball or a tennis ball, or into blocks ("compacts"). The coatings
around the TRISO particles fully contain fission products resulting from the nuclear reaction,
eliminating the need for costly, concrete containment structures.

Load Following and Integration

By deploying HTRs in an energy mix, Fuel Kernel (UCO, UO,)
power producers are able to provide
reliable electricity to customers while
integrating with other generation
technologies, such as variable
renewable energy resources. Flexible,
load following capabilities of HTRs
enable integration with intermittent
renewable energy sources; moreover,
the high-grade heat produced by HTRs

make thermal energy storage or A tri-structural isotropic or “TRISO” fuel particle
integration with industrial processes

Porous Carbon Buffer

Inner Pyrolytic Carbon (IPyC)
Silicon Carbide

Quter Pyrolytic Carbon (OPyC)

possible and attractive during low electricity demand intervals.

NUCLEAR ENERGY STRATEGIC GOALS

Additional High Temperature

Reactor Resources:
bit.ly/INL-ART-GCR

bit.ly/NRC-Training-Course-HTR

Lead Enable Optimize

Cloba o Pomestc bit.ly/IAEA-ARIS-Database

Technology Industrial Energy
Commercialization Leadership Portfolio
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MOLTEN SALT REACTORS INFO SHEET

DOE-NE has established the Gateway for Accelerated Innovation in Nuclear (GAIN) to
provide the nuclear community with access to the technical, regulatory, and financial support
necessary to move innovative nuclear energy technologies toward commercialization while
ensuring the continued safe, reliable, and economic operation of the existing nuclear fleet.

Developing safe, reliable sources of carbon-free energy will be the next decade’s greatest
challenge for power producers in the US. Several US-based companies are developing
Molten Salt Reactors (MSRs), a type of advanced nuclear reactor, to help meet that energy
challenge.

MSRs utilize low pressure, high temperature fluoride or chloride salts as liquid fuels and
coolants. MSRs are different from most other advanced reactor concepts because of their
ability to operate in a low pressure environment, as well as at higher temperatures and for
longer durations than other reactor types. Developers of this reactor offer increased safety,
reduced proliferation risk, passive safety system features, and short-lived waste.

MSRs could play a significant role in closing the nuclear fuel cycle, increasing fuel utilization,
and reducing long-lived waste products.

M olte n Sa It Re acto rs Some designs are intended for factory assembly and fixed modular
------------ @ construction, assuring on-budget projects while reducing overall

costs.

1
1
1
1
remiemmmmme - Able to operate at full power while being refueled, avoiding a
COST EFFICIENCY ® Abl full hile being refueled, avoidi
—————————————————— @ disruption in customers’ energy demands.

As utilities evolve to meet the challenges of a
modernizing grid, advanced nuclear reactor
technologies seek to provide economically
viable solutions through simplified designs and
reduced operational costs.

'
"
]
[
[
'
'
]
)
U
[
]
.

TTo @ When compared with current reactor designs, passive safety
--------------- @ features cut capital, operations, and maintenance costs.

e

Reactors can achieve higher temperatures, producing electricity

L]
e

_______________________ ® Fuel compositions are flexible compared to current generation
® reactors, allowing for various fuel cycle approaches to increase
SAFETY&WASTE = BEAERhbbbiy Ml e TTTEmEEmms resource utilization and reduce waste.

The possibility of Fukushima-like events is eliminated by
the inherent physics of the reactor through a failsafe @~ === S==s=sssccscc==-
design; fuel waste concerns are substantially reduced.

L} L}

1 ]

' L}

' L}

v e -

: : N more efficiently or high-quality heat for industrial processes.

1 ¥ 1

' [ :

TY P R L L) - N . .
INTEGRATION & RELIABILI - I : " ® MSRs are designed for a modern grid, capable of load following

: : and integrating with variable renewable energy sources.
Flagging load growth and the rise of distributed generation : :
sources are driving advanced nuclear developers to H memeccmemeee=- @ Flexible designs allow for the use of various fuel types; some
provide flexible, always on power to end users. : ------------ @ designs are capable of consuming used fuel from other reactors.

1

'

'

,

1

® Passive safety features can allow for "walk away" safety, even
during severe events.

Thermal Electrical Total Primary System

bo g N L XSS () i e
S oMM coMMe PR v O °
oveams 30 ;41320 10 - < 300 MWe 2:';';;": None o o
Lrge . >1000MWE > 700 MWe L':l:::;al None o o

May 24, 200
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Readily Apparent Safety

Due to the inherent characteristics of low pressure, chemically-inert coolants and liquid fuel
systems, MSRs are easily coupled to passive safety systems that eliminate the need for
many of the safety systems needed for other reactor types. MSRs can be designed to be
“walk away” safe and operate with low pressure components and systems, which improve the
economic performance and enhance the safety of the reactor.

High-Quality Energy

MSRs produce high temperature heat
for efficient electricity production and
for application in high temperature
industrial applications, including the
production of hydrogen. MSRs are
attractive because of their potential to
operate at higher, more efficient
temperatures for extended operational
cycles.

z
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Load Following and Integration

By employing MSRs in an energy mix,
a power producer is able to provide
reliable energy to its customers while
integrating with variable resources. A TOP VIEW OF THE Molten Salt Reactor Experiment (MSRE)
Flexible load following capabilities of
MSRs enable integration with
intermittent renewable energy sources; moreover, the high-grade heat produced by MSRs
make thermal energy storage or integration with industrial processes possible and attractive
during low electricity demand intervals.

at Oak Ridge National Laboratory

NUCLEAR ENERGY STRATEGIC GOALS
Additional Molten Salt Reactor Resources:

@ 0 0 bit.Iy/GAIN-MSR
bit.ly/YouTube-MSR

bit.ly/ORNL-MSR

Lead Enable Optimize
Global Global Domestic
Technology Industrial Energy

Commercialization Leadership Portiolio bit, Iy/FI uid FuelReaCtOl’S
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ALPHATECH RESEARCH CORP.

%Alphu Tech.
Research Corp

Alpha Tech Research Corp is developing thorium fueled Molten

Salt Reactor (MSR) technology to enable a new phase in clean,

safe power production.

Location: Salt Lake City, UT www.alphatechresearchcorp.com
Founded: June, 2016

Principal/CEO: Nick Baguley

Major Investors: Non-disclosed

Technology Class: MSR

Reactor Type: MSTIR

Power Output (MWe/MWT): 30MWt

Federal Engagement: DOE, NRC

Preferred Point of Contact: Staci Wheeler / staci@alphatechresearchcorp.com / 801-477-0715

2



ARC CLEAN ENERGY

ARC"

CLEAN ENERGY

ARC is a clean energy technology company developing the ARC-
100, an advanced small modular reactor (SMR) offering inherently
safe, reliable and economical carbon free power. ARC leverages
the proven technology developed by the US government’s
Argonne National Labs, which operated successfully for thirty
years in ldaho. The ARC-100’s simple, modular design provides
100 megawatts of electricity that is cost competitive with fossil
fuels. The ARC-100 has been selected by New Brunswick Power
in Canada for implementation on their Point Lepreau site with
completion targeted for the late 2020s
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Location: Washington, DC www.arcenergy.co
Founded: 2006

Principal/CEO: Donald Wolf

Major Investors: Non-disclosed

Technology Class: Advanced small modular reactor
Reactor Type: Sodium cooled fast reactor

Power Output (MWe/MWT): 100 MWe

Federal Engagement: DOE, NRC

Preferred Point of Contact: info@arcenergy.co

3
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BRILLOUIN ENERGY CORP.

Brillouin Energy Corp. is a clean-technology company located in
Berkeley California, which is developing ultra-clean, low-cost,
energy technology capable of producing industrially useful thermal
energy. Brillouin’s technology is based on Low Energy Nuclear
Reactions (LENR), which it generates on a controlled basis in its
reactors through Controlled Electron Capture Reaction (CECR)
concept. Third party verified by SRI in 2016, 2017 and 2018.
Some of the basic (=]
physics of CECR,
verified in a TAP with
PNNL Feb-2013.
Extremely scalable

technology designed to
drop into shell and tube
heat exchangers where the tube is a new type of fire and DTC
friendly. No radioactive waste, no penetrating radiation in
operation. Four test systems already work with interchangeable
parts.

Location: Berkeley, CA www.brillouinenergy.com
Founded: 2009
Principal/CEO: Robert W. George
Major Investors: 46 Angel Investors
Technology Class: Adaptable gas, liquid, supercritical CO, Water / steam 80 -700C
Reactor Type: CECR, low energy nuclear reactions
Power Output (MWe/MWT): 10 ~° - 3000+ MWe / 10 - 8000 MWt
Federal Engagement: NA
Preferred Point of Contact: David Firshein / dnf@brillouinenergy.com / 415-419-6429
4



BWX Technologies, Inc.

BWXr

BWX Technologies, Inc.

BWX Technologies, Inc. (BWXT) provides safe and effective nuclear
solutions for national security, clean energy, environmental remediation,
nuclear medicine and space exploration. With approximately 6,700
employees, BWXT has 12 major operating sites in the U.S. and Canada. We
are the sole manufacturer of naval nuclear reactors for U.S. submarines and
aircraft carriers. Our company supplies precision manufactured components,
services and fuel for the commercial nuclear power industry across four
continents. Our joint ventures provide environmental remediation and nuclear
operations management at
more than a dozen U.S.
Department of Energy and
NASA facilities. BWXT’s
technology is also driving
advances in medical

radioisotope production in

North America and microreactors for various defense and space applications.

Through its entities, BWXT is developing BANR (BWXT Advanced Nuclear
Reactor). BANR is a transportable microreactor designed to utilize advanced
TRISO particle fuel to achieve higher uranium loading and improved fuel
utilization.

Location: Lynchburg, VA www.bwxt.com
Founded: 1857

Principal/CEO: Rex D. Geveden

Major Investors: BWX Technologies, Inc. is publicly traded on the New York Stock Exchange
Technology Class: High Temperature Gas Reactor

Reactor Type: High Temperature Gas Microreactor

Power Output (MWe/MWT): 17 MWe / 50 MWt

Federal Engagement: DOE, NRC,

Preferred Point of Contact: Joshua L. Parker / jlparker2@bwxt.com / 434-316-7652
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COLUMBIA BASIN CONSULTING GROUP

CBCG is a business management and technical consulting firm
which provides services relating to advanced reactor engineering
and development.
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CBCG PbBi Nuclear Plant Development - Power When You Need it to BE-THERE

Location: Kennewick, WA www.cbcglic.com
Founded: 1998

Principal/CEO: William J. Stokes

Major Investors: Self-funded

Technology Class: Liquid metal cooled

Reactor Type: Lead-bismuth and sodium

Power Output (MWe/MWT): 260 MWe / 600 MWt; 100 MWe / 250 MWt

Federal Engagement: DOE, GAIN, Other

Preferred Point of Contact: William J. Stokes / info@cbcgllc.com
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ELYSIUM INDUSTRIES

ELYclUM

Elysium is developing a Molten Chloride Salt Fast Reactor as its
first product, destined to help eradicated energy poverty and
pollution globally. Created by social entrepreneurs and US Naval
Reactor designers. Elysium’s reactor plant concept addresses
many of the obstacles nuclear energy has faced in recent years,
including but not limited to passive safety, smaller physical

footprint, and the ability to recycle nuclear waste.

THE ELYSIUM REACTOR
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50 - 200 MWe 400 MWe 1,200 MWe

Location: New York, NY www.elysiumindustries.com
Founded: 2015

Principal/CEO: Carl Perez

Major Investors: Individual Investors

Technology Class: Advanced Reactor

Reactor Type: Molten Salt Reactor

Power Output (MWe/MWT): 10 MWt (MWe) - 3000 MWT (1200 MWe)

Federal Engagement: DOE, GAIN

Preferred Point of Contact: Carl Perez / c.perez@elysium-v.com / 646-706-3698
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FLIBE ENERGY, INC.

Flibe

ENERGY

Flibe Energy, Inc. (FEI) was founded in 2011 in Huntsville,
Alabama to design and develop highly-efficient molten-salt
reactors for power generation and waste reduction. Their designs
use lithium-fluoride and sodium-chloride salt mixtures coupled to
closed-cycle gas turbines for power conversion. They also have
integral chemical processing systems. Their work is an evolution
of the Molten-Salt Reactor Program at Oak Ridge National

Laboratory from 600 MWt LFTR-23 flow diagram
1957-1976. Their = T wcomromcomesen
work will culminate in | A:%:. ‘

L] MU\HUIU ll‘:‘im‘
the efficient use of ] .

Fuel Salt
s Blanket Salt
s Coolant salt
s Decay Salt
Waste Salt
Fresh Offgas

thorium as the basic
fuel for planetary

1-day Offgas

3-day Offgas
s 90-day Offgas

Helium
s UFg-F2
— NF 5

HF-Hz

Hy

Bismuth
s 200-bar CO,

77-bar CO2
at-Pfocessing w— Water

energy. They are
currently executing a

research contract

with the Department of Energy to test an innovative approach to
the fluorination of lithium-fluoride salt.

Location: Huntsville, AL and Richland, WA https://flibe-energy.com/
Founded: 2011

Principal/CEO: Kirk Sorensen

Major Investors: Private

Technology Class: Molten salt reactor

Reactor Type: Liquid fuel/coolant, fluoride salts, thermal spectrum, graphite moderator, thori-
um/U-233 fuel cycle

Power Output (MWe/MWT): 250 MWe / 600 MWt

Federal Engagement: DOE, GAIN, NRC

Preferred Point of Contact: Kurt Harris / kurt.harris@flibe-energy.com
8



FRAMATOME, INC.

framatome

Framatome is a major international player in the nuclear energy
market recognized for its innovative solutions and value-added
technologies for designing, building, maintaining, and advancing
the global nuclear fleet. The company designs, manufactures, and
installs components, fuel and instrumentation and control systems
for nuclear power plants and offers a full range of reactor services.

Framatome is developing the Steam Cycle HTGR Generation IV
advanced reactor concept. Its scalable design provides options for
a variety of
customer needs for
high-temperature
steam and
electricity. Its
unparalleled safety

@« . \ profile allows co-
location with customer facilities. True walk-away safety and restart
capability following a design-basis accident make the SC-HTGR a
low investment risk for plant owners and operators.

Location: Lynchburg, VA www.framatome.com
Founded: 1989

Principal/CEO: Gary Mignogna

Major Investors: Non-disclosed

Technology Class: High temperature gas cooled

Reactor Type: Steam cycle high temperature gas cooled reactor

Power Output (MWe/MWT): 22-272 MWe / 50-625 MWt

Federal Engagement: DOE, GAIN, ARPA-E, NRC

Preferred Point of Contact: Darryl Gordon / Darryl.gordon@framatome.com / 434-832-5199
9
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GE HITACHI NUCLEAR ENERGY

‘ HITACHI

BWRX-300 Small Modular Reactor (SMR) - GE Hitachi Nuclear Energy (GEH)
is a world leader in new plant technology, fuel and services. GEH’'s BWRX-300 is
a 300 MWe water-cooled, natural circulation small modular reactor with passive
safety systems that leverages the design and licensing basis of the company’s
U.S. NRC-certified ESBWR. Through dramatic and innovative design
simplification, GEH projects the BWRX-300 will require significantly less capital
cost per MW when compared to other SMR designs. By leveraging the ESBWR
design certification, utilizing the licensed and proven GNF2 fuel design, and
incorporating proven components and supply chain expertise the BWRX-300
can, GEH believes, become the lowest-risk, most cost-competitive and quickest
to market SMR.

Natrium Integrated Energy System - GEH is working with TerraPower to
develop the Natrium™ technology, a sodium fast reactor with integrated energy
storage (IES). Together the team reinvented what nuclear can be: flexible and
cost competitive. Natrium’s architecture has been specifically designed to lower
operational costs, simplify construction and reduce schedule compared to
previous reactor types. On a per MWe basis, it uses 80% less nuclear-grade
concrete compared to today’s large reactors. Its energy storage system can
provide customizable GWhe scale energy storage to capture greater revenue
thereby eliminating the economic penalty for load following while supporting
grids with high renewables penetration.

Versatile Test Reactor - GEH and TerraPower are on the team led by Bechtel
National Inc. to support the design and build phase of the Versatile Test Reactor,
a one-of-a-kind facility that would support research and development of
innovative, clean nuclear energy technologies.
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Location: Wilmington, NC www.nuclear.gepower.com
Founded: 1955
Principal/CEOQ: Jay Wileman
Major Investors: Confidential
Technology Class: BWRX-300 - GEN I+ SMR; Natrium - GEN IV Advanced Reactor
Reactor Type: BWRX-300 - Boiling water reactor; Natrium - Sodium fast reactor
Power Output (MWe/MWT): BWRX-300 - 300 MWe / 910 MWHt; Natrium - 345 MWe /840 MW1
(The IES system can boost output to 500MWe for more than 5 1/2 hours to serve peak demand)
Federal Engagement: DOE, NRC
Preferred Point of Contact: Bob Dunn / robert.dunn@ge.com;

10




GENERAL ATOMICS
ELECTROMAGNETIC SYSTEMS

GENERAL ATOMICS

ELECTROMAGNETICS

General Atomics Electromagnetic Systems (GA-EMS) Group has been at the
forefront of innovation in nuclear energy since the 1950s. We continue to push
the boundaries of what is possible in advanced nuclear reactors while helping to
sustain our current reactor fleet and spinning off advanced material technologies
that have the potential to enhance public safety and well-being. GA's TRIGA®
research reactors are some of the most successful reactor designs in history.

GA-EMS is building on its experlence with TRIGA® in developing the next
generation of advanced fission
reactors, such as the 50 MWe
Fast Modular Reactor (FMR) for
distributed power generation in the
mid-2030s to be followed by the
265 MWe 4-unit (1 GWe) Energy
Multiplier Module (EM2) for grid-
scale power generation. These
two load-following advanced high
temperature helium-cooled fast
reactors have a net efficiency as
high as 53%. Both reactors
employ cutting-edge advances in
materials science to address the
four core challenges facing

| nuclear energy — safety, waste,
The FMIR Reactor Syotem solniocly holoced glamorm cost, and non- proliferation. EM2
and FMR can be powered by fresh
or spent nuclear fuel and operated without refueling for up to 30 for EM2 and 9
years for the FMR.

GA is developing silicon carbide composites, SiIGA®, for Accident Tolerant Fuel
cladding and reactor components, such as those in the EM2 and FMR.
Innovative technology solutions are underway for specialty nuclear fuels,
radioactive waste remediation, advanced materials for extreme environment
applications, space reactors for both propulsion and power.

:

Location: San Diego, CA www,ga_com/ems
Founded: 1955

Principal/CEO: Neal Blue

Major Investors: Non-disclosed

Technology Class: Advanced nuclear reactors, fuels and materials

Reactor Type: High temperature gas cooled fast reactors

Power Output (MWe/MWT): 50MWe / 112 MWt (FMR); 4 x 265 MWE / 4 x 500 MWt (EM2)
Federal Engagement: DOE, GAIN, NRC, DARPA, DoD, NASA, Other

Preferred Point of Contact: Ron Faibish / ron.faibish@ga.com / 202-713-8333
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GENERAL FUSION

generalfusion

General Fusion is the world's most advanced private fusion
technology venture, pursuing a faster and more practical path to

commercially viable fusion energy.
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Location: Burnaby, Canada generalfusion.com
Founded: 2002

Principal/CEOQ: Christofer Mowry
Major Investors: Government of Canada Strategic Innovation Fund, Bezos Expeditions,
Khazanah Nasional, Chrysalix Energy VC, Braemar Energy Ventures, SET Ventures,
Cenovus Energy, BDC Canada, GrowthWorks, Entrepreneurs Fund, Sustainable
Development Technology Canada
Technology Class: Fusion
Reactor Type: Magnetized target fusion
Power Output (MWe/MWT): 200 MWe
Federal Engagement: Other
Preferred Point of Contact: Grace Sullivan / grace.sullivan@generalfusion.com
12




HOLOSGEN LLC

HolosGen®

HolosGen develops mobile scalable integral nuclear generators
with simplified and innovative designs that are optimized to
produce economical, distributable, pollutant-free, and most
importantly, safe electricity.

HOLOS
Generators

Enabling a New Energy Era
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Location: Manassas Park, VA www.holosgen.com
Founded: 2017

Principal/CEO: Claudio Filippone

Major Investors: Non-disclosed

Technology Class: Gas cooled

Reactor Type: High temperature gas reactor

Power Output (MWe/MWT): 3-81 MWe / 5-135 MWt
Federal Engagement: N/A

Preferred Point of Contact: Claudio Filippone

13
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HYBRID POWER TECHNOLOGIES LLC

Hybl'id’ ./ Power
Technologies LLC
Passive
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I
Hot : K
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|
TRAILBLAZING Small Advanced :
Gas Reactor |
v'Safe Very Large ~630 MW Thermal
Advanced Combined-Cycle
Y Clean ~60% Fossil % Nuclear
v Affordable ) ~ Te——e s

\/Readily Licensed ~Doubles Electrical Output US Patents

v'"Numerous Uses +80% Fossil Fuel Efficiency New innovative
» Profitable Peakmg output ”1?20 approach to
= Multi sBillion Markets Megawatt electric energy production

7,961,835, 8,537,961

US SMALL BUSINESS INNOVATION

Location: Overland Park, KS www.www.hybridpwr.com
Founded: 2011

Principal/CEO: Michael F. Keller

Major Investors: Privately funded

Technology Class: Gas cooled

Reactor Type: Graphite moderated, helium cooled

Power Output (MWe/MWT): 950 MWe / 630 MWt

Federal Engagement: N/A

Preferred Point of Contact: Michael F. Keller / m.keller@hybridpwr.com / 913-681-7687
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KAIROS POWER LLC

"

I~ :
{ ) Kairos Power

Our mission: enable the world's transition to clean energy, with the
ultimate goal of dramatically improving people's quality of life while
protecting the environment. Kairos Power will commercialize the
fluoride salt-cooled high-temperature reactor (FHR), which can be
deployed with robust safety, cost competitiveness through high
efficiency and low-pressure small modular design, and flexible

operation to accommodate the expansion of variable renewables.
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Location: San Francisco, CA www.kairospower.com
Founded: 2016

Principal/CEO: Michael Laufer

Major Investors: Non-disclosed

Technology Class: Solid-fueled/Molten salt cooled

Reactor Type: Graphite-moderated, fluoride salt-cooled, high temperature reactor
Power Output (MWe/MWT): N/A

Federal Engagement: GAIN

Preferred Point of Contact: Jaclyn Rodriguez / rodriguez@kairospower.com

15
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MAGNETO-INERTIAL FUSION
TECHNOLOGIES, INC

MIFT:

Clean Energy

MIFTI specializes in fusion energy and medical isotope technology.
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Location: Tustin, CA www. miftec.com
Founded: 2009

Principal/CEO: Jerry Simmons, CEO / Dr. Hafiz Rahman, President, Chief Scientist

Major Investors: DOE, ARPA-E, Strong Atomics Fund 1, U.S. Nuclear Corp. (UCLE)
Technology Class: Thermonuclear fusion

Reactor Type: Nuclear fusion reactor

Power Output (MWe/MWT): 20 MWe

Federal Engagement: DOE, ARPA-E, LLNL, ORNL, UNR/NTF

Preferred Point of Contact: Jerry Simmons / jerry@miftec.com / 714-329-3990

16



MICRONUCLEAR LLC

MicroNuclear LLC is focused on developing energy solutions. Current
efforts include development of the Molten Salt Nuclear Battery (MsNB)
as well as instrumentation and components for severe environment
applications.
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Location: Brentwood, TN micronucleartech.com
Founded: 2017

Principal/CEO: Paul Marotta

Major Investors: Proprietary private investors

Technology Class: Advanced Microreactor

Reactor Type: Molten Salt Dissolved Fuel

Power Output (MWe/MWT): 5-10MWe / 10-20MWth

Federal Engagement: DOE, GAIN, NRC

Preferred Point of Contact: Paul Marotta / paul@micronucleartech.com / 615-417-3649

17
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MUONS, INC.

Muons, Inc.
Innovation in Research

Partnering with national labs and universities with their extraordinary people
and facilities, Muons has leveraged its creative talents to provide solutions to
many problems of global and national interest. Muons has received over
$30M in competitive DOE contracts and Small Business Innovation and
Technology Transfer Research grants, which have generated intellectual
property as well as appreciation for our work in the accelerator and reactor
communities. Examples of our inventions are included in discovery science
(Muon Collider, the next atom

smasher); medicine (Energy- Muons, Tnc

. Spent Nuclear Fuel
ReCOVG ry L | n aCS fo r frompl.ight Water Reactor
u Fractional

| ‘ Column

commercial production of new

o=

zzzzzz
oling

||]|||I 1 } - 220 MWe

radioisotopes for therapy and ”“WW
diagnostics); national security A |||||||m|

(1]
(photon and neutron sources el e

for cargo scanning); energy TR ...

e C. D. Bowman, R.B. Vogelaar,
el h,“,,‘,,,, et al., 2010 HB of NE

and environment (Mu*STAR EEERN

No penetrations below level of fuel
Rol Johnson, Muons, Inc.

subcritical system for carbon-

free energy production); and industry (magnetron power sources for RF
cavities). As a supporter of science and technology, Muons supports students
and post-docs and provides computer programs for accelerator and reactor

communities.

Location: Batavia, IL www.muonsinc.com
Founded: 2002

Principal/CEO: Rolland Johnson (President)

Major Investors: Rolland Johnson

Technology Class: Advanced reactor developer

Reactor Type: SRF linac driven subcritical molten salt thermal spectrum SMR
Power Output (MWe/MWT): 220 MWe/500 MWt

Federal Engagement: DOE, ARPA-E, GAIN, DOE SBIR-STTR Programs
Preferred Point of Contact: Rolland Johnson / rol@muonsinc.com / 757-870-6943
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NIOWAVE, INC.

NIOWAVE

C% Accelerating Your Particles

Niowave is utilizing transformative science and technology for
advancing nuclear power to meet the nation’s energy and security
needs. Niowave’s Radioisotope Program established both the
facilities and the NRC license to operate a subcritical assembly
and perform nuclear fuel reprocessing. The team is developing a
hybrid fast/thermal spectrum subcritical testbed, coupled to a
superconducting electron linac, to provide peak fast-spectrum
neutron fluxes greater
than 1E15 n/cm2s in
heavy liquid-metal
environment. The
facility will be used to
test novel fuels,
materials,

instruments and
components, reactor safety designs, provide data for reactor code
development, and support the regulatory process for licensing
novel technology.

Location: Lansing, Ml www.niowaveinc.com
Founded: 2005

Principal/CEO: Terry L. Grimm (President)

Major Investors: Privately funded

Technology Class: Liquid metal cooled (lead-bismuth eutectic)

Reactor Type: Hybrid fast/thermal spectrum subcritical testbed

Power Output (MWe/MWT): 0.1-10 MWt

Federal Engagement: DOE, NRC, DOD, NIH

Preferred Point of Contact: Robert Wahlen / wahlen@niowaveinc.com / 517-999-3475

19
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NUGEN, LLC

NuGen is developing a compact, highly integrated single-cycle high-
temperature microreactor called the NuGen Engine™. Its simple compact
configuration is due to its
innovative spiral fuel core, its
streamlined energy conversion
system, and its full integration.
Hallmarks include its simplicity
and the resulting scalability and
high manufacturability of the
reactor. It could be deployed for
a broad range of uses, including
providing power (electricity and
heat) to remote locations, military
installations (including off-grid
electricity), and mining and
desalination sites. The US Patent
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Office has recently issued NuGen

two patents: Integrated System

for Converting Nuclear Energy
into Electrical, Rotational, and Thermal Energy, US Patent Nos. 10,685,720
(6/17/2020) and 10,685,756 (6/17/2020).

Location: Charlotte, NC www.nucdev.com
Founded: 2006

Principal/CEO: Steve Rhyne

Major Investors: Founder

Technology Class: Advanced HTGR

Reactor Type: Fast spectrum

Power Output (MWe/MWT): 1-3 MWe

Federal Engagement: Advanced Reactor Demonstration application to be submitted August 2020
Preferred Point of Contact: Steve Rhyne / steve@nucdev.com / 704-307-7280
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NUSCALE POWER

NUSCALE

Power for all humankind

NuScale Power has developed a new modular light water reactor nuclear
power plant to supply energy for electrical generation, district heating,
desalination, and other process heat applications. This groundbreaking small
modular reactor (SMR) design features a fully factory-fabricated NuScale
Power Module™ capable of generating 77 MW of electricity using a safer,
smaller, and scalable version of pressurized water reactor technology.
NuScale's scalable design—power plants that can house up to four, six, or 12
individual power modules—offers the benefits of carbon-free energy and
reduces the financial commitments associated with gigawatt-sized nuclear
facilities. The majority investor in NuScale is Fluor Corporation, a global
engineering, procurement, and construction company with a 60-year history
in commercial nuclear power.

NuScale is headquartered in Portland, OR and has offices in Corvallis, OR;
Rockville, MD; Charlotte, NC; Richland, WA; and London, UK. Follow us on
Twitter: @NuScale Power, Facebook: NuScale Power, LLC,

LinkedIn: NuScale-Power, and Instagram: nuscale_power. Visit NuScale
Power’s website.
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